INTRODUCTION
============

Since the introduction of laparoscopic liver resection in the early 1990s, current laparoscopic liver resection is considered as an oncologically safe and standard procedure owing to the development of technical advances and postoperative management \[[@B1][@B2]\]. Previous studies on surgical outcomes between laparoscopic and open liver resection showed that laparoscopic liver resection provided improved perioperative outcomes and comparable long-term oncologic outcomes \[[@B1][@B2][@B3]\].

Although laparoscopic liver resection has increased in recent years, it is still difficult for many surgeons to perform because of the inherent limitation of laparoscopic techniques such as the fulcrum effect and the restricted degrees of motions of the instrument \[[@B4]\]. Regardless of technical limitations, the 3-dimensional complex anatomy of the liver, with its accompanying high risk for significant bleeding, has made laparoscopic liver resection the last area of laparoscopy to be developed \[[@B5]\]. According to the Morioka consensus conference in 2014, laparoscopic major liver resection was considered to be an innovative procedure, even though they agreed that laparoscopic minor liver resection had become a standard procedure \[[@B5]\]. The main concern of minimally invasive liver resection (MILR) is unplanned open conversion, the rate of which varies from 0.0% to 55.0% depending on the extent of liver resection and according to the literature \[[@B6][@B7][@B8][@B9][@B10]\]. According to recent studies comparing planned surgery and unplanned conversion during MILR, this unplanned conversion is known to have a negative effect on perioperative outcomes \[[@B2][@B7][@B8][@B9][@B11]\]. However, there are few studies about the effect of unplanned conversion on long-term outcomes in patients with hepatocellular carcinoma (HCC) \[[@B2]\].

The aims of this study were to compare the short- and long-term outcomes of MILR and unplanned conversion and to investigate the risk factors after unplanned conversion.

METHODS
=======

Data from all consecutive patients who underwent MILR from January 2006 to December 2017 at Severance Hospital, Yonsei University College of Medicine, were retrospectively collected from electronic medical records. Patients who underwent open hepatectomy during the same period were also included for analysis. This study was approved by the Severance Hospital\'s Institutional Review Board (IRB No. 4-2019-0603) that waived the requirement of informed consent.

The initial selection criterion for laparoscopic liver resection was strictly based on the Louisville Statement \[[@B12]\]: a solitary lesion, tumor size of 5 cm or less, and located in peripheral liver segments 2 to 6 \[[@B13]\]. Robotic liver resection program in our institute was started in 2008 \[[@B4]\]. Unlike laparoscopic liver resection, initial indications of robotic liver resection were mainly major liver resection \[[@B4][@B14]\]. As surgeon\'s experience accumulated, laparoscopic liver resection has been extended into major liver resection and right-sided anatomic liver resection \[[@B1][@B13]\]. Currently, tumor size and number are no longer limiting factors for MILR, while curative removal of HCC is anticipated.

Comparison of short- and long-term outcomes between planned surgery and unplanned conversion groups
---------------------------------------------------------------------------------------------------

Short-term outcomes were evaluated using operative time, blood loss, transfusion rate, complications, and length of hospital stay. Postoperative complications were assessed according to the Clavien-Dindo classification. R0 status and resection margin were also compared to assess short-term oncologic outcomes. To assess long-term surgical outcomes, disease-free and overall survivals were analyzed. Disease-free survival was defined as the duration from the date of surgery to the day of HCC recurrence diagnosis. Overall survival was defined as the duration from the date of operation to the last follow-up day or death date from any cause.

Risk factors for unplanned open conversion
------------------------------------------

Risk factors associated with unplanned open conversion were investigated using age, sex, body mass index (BMI), tumor size, American Joint Committee on Cancer (AJCC) 8th T stage, presence of liver cirrhosis, platelet count, and extent of resection. Extent of resection was classified into minor liver resection, right-sided sectionectomy and central bisectionectomy, and major hemihepatectomies. Minor hepatic resection included wedge resection, segmentectomy, and left lateral sectionectomy. Right-sided sectionectomy included right anterior sectionectomy and right posterior sectionectomy. Right and left hemihepatectomy were defined as major hemihepatectomies.

Statistical analysis
--------------------

Clinicopathologic findings and long-term oncologic outcomes of this study were analyzed using the IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA). For each clinicopathologic finding, each categorical and continuous variable were analyzed with the chi-square and Student t-test. Overall and disease-free survival were analyzed using the Kaplan-Meier method, and the difference in survival curves between groups was expressed using the log-rank test. All P-values \<0.05 (2-sided) were considered statistically significant. A logistic regression model was used to examine the risk factor of unplanned conversion, which was assessed by the Hosmer-Lemeshow goodness-of-fit test.

RESULTS
=======

Comparison of clinicopathologic characteristics and reasons for unplanned conversion
------------------------------------------------------------------------------------

Patient- and tumor-specific variables of each group are described in [Table 1](#T1){ref-type="table"}. Of the 286 patients who underwent MILR, 18 patients (6.7%) proceeded to unplanned conversion during surgery. There were no significant differences in liver function, tumor marker, and demographic characteristics such as age, sex, BMI, and comorbid status of each patient. When comparing the operation type between the groups, right-sided sectionectomy and central bisectionectomy have relatively higher unplanned conversion rate. In the pathologic finding, there were no significant differences in the presence of liver cirrhosis and tumor number, T stage according to AJCC 8th classification, microvascular invasion, satellite nodule, R status, and resection margin, but tumor size was found to be larger in the unplanned conversion group than in the MILR group. In the planned open surgery group, the mean tumor size was similar to that of the unplanned conversion group.

The reasons for unplanned conversion are described in [Table 2](#T2){ref-type="table"}. Bleeding was the most common cause, followed by lack of progression and poor access. Among 18 cases, oncologic concern, diaphragm injury, and severe adhesion were found. Vital signs during conversion were reviewed in the unplanned conversion group. When unstable vital signs were defined as both systolic blood pressure \<90 mmHg and heart rate \>120 beats/min, none showed unstable vital sign because bleeding was temporarily controlled using hemostatic agents before conversion.

Comparison of perioperative outcomes
------------------------------------

[Table 3](#T3){ref-type="table"} shows a comparison of perioperative outcomes between each group. First, the unplanned conversion group had significantly more blood loss, longer operative time, and higher transfusion rate than the MILR group and planned open surgery group. The incidence of complication according to the Clavien-Dindo classification was higher in the unplanned conversion group. Each complication is categorized as liverrelated, surgical-related, and general complications and described in [Table 4](#T4){ref-type="table"}. Liver- and surgical-related complications were significantly higher in the unplanned conversion group. The mean postoperative hospital stay was longer in the unplanned conversion group (P = 0.001) compared to the MILR group, but there was no such difference between the unplanned conversion group and thee planned open surgery group (P = 0.631).

Risk factors associated with unplanned conversion
-------------------------------------------------

Logistic regression analysis was performed with multiple factors that could affect unplanned conversion. Age, sex, BMI, presence of liver cirrhosis, and platelet count had no effects on unplanned conversion ([Table 5](#T5){ref-type="table"}). Tumor size was found to be a significant risk factor for unplanned conversion. Additionally, extent of resection was also a risk factor for unplanned conversion. With respect to extent of resection, right-sided sectionectomy and central bisectionectomy were found to be more associated with unplanned conversion compared to minor and major hepatic resections.

Comparison of long-term oncologic outcomes
------------------------------------------

Long-term oncologic outcome was analyzed using overall and disease-free survival. In survival analysis, there were no statistically significant differences in overall (P = 0.722) ([Fig. 1](#F1){ref-type="fig"}) and disease-free survival (P = 0.541) ([Fig. 2](#F2){ref-type="fig"}) among 3 groups. Regarding overall survival, MILR and unplanned conversion showed comparable 1- (95.2% *vs*. 94.2%), 3- (89.9% *vs*. 94.4%), and 5-year overall survival (88.3% *vs*. 94.4%; [Fig. 1](#F1){ref-type="fig"}). There were no significant differences in 1- (86.2% *vs*. 77.8%), 3- (68.2% *vs*. 71.3%), and 5-year disease-free survival (57.1% *vs*. 42.8%) ([Fig. 2](#F2){ref-type="fig"}) between the MILR group and the unplanned conversion group.

DISCUSSION
==========

There has been a dramatic development in laparoscopic liver resection during the last few decades \[[@B1][@B5][@B8][@B12][@B15][@B16]\]. Recently introduced robotic systems have accelerated the progress of MILR \[[@B4][@B14]\]. The main advantages of MILR are that they provide patients with smaller scars, better cosmesis, less pain and analgesic requirements, shorter hospital stay, and early return to social activity without compromising short- and long-term oncologic outcomes \[[@B1][@B5][@B8][@B12]\]. From the Louisville Statement to the Morioka consensus conference, laparoscopic liver resection has been rapidly popularized, and minor liver resection is now considered a standard procedure, regardless of the size, number, and location of the tumor \[[@B5][@B12]\]. However, major liver resections are still regarded as an innovative procedure and allowed only in expert centers \[[@B5]\]. The main concern regarding the broader adoption of MILR is an emergency open conversion caused by major bleeding, which may affect postoperative morbidity, mortality, and long-term outcomes \[[@B9][@B10][@B17][@B18]\].

In our study, unplanned open conversion during MILR for HCC was associated with poor short-term outcomes, with significantly longer operative time; more blood loss, and therefore, more requirements for blood transfusion; higher postoperative complication rates; and longer hospital stays. These results are in agreement with those of previous studies \[[@B1][@B4][@B8][@B11][@B18]\]. In particular, bleeding and perioperative blood transfusion are well known to be risk factors for postoperative morbidity \[[@B7][@B8][@B9][@B10][@B11]\]. The complication rates of the unplanned conversion group were 2 times higher than those of the planned surgery group (38.9% *vs*. 18.3%) and grade II complications were more common in the unplanned conversion group; however, severe complications (grade \> III) were not statistically different in this study.

Compared to the accumulating evidence of negative effects of unplanned open conversion on short-term outcomes, clinical significance of unplanned open conversion group in long-term aspect has been rarely investigated, especially in patients with HCC. Stiles et al. \[[@B2]\] reported the long-term outcomes after unplanned conversion during laparoscopic liver resection in patients with HCC. They found that the unplanned conversion group showed poor overall survival, and the difference was more predominant in patients who experienced open conversion during laparoscopic major hepatectomy. These results may be related to the recent European multicenter study, which found that emergency conversion for unfavorable intraoperative events such as bleeding and oncologic concern was associated with significantly poor short-term outcomes during laparoscopic liver resection, compared to elective conversion for unfavorable intraoperative findings such as adhesions and poor access \[[@B18]\]. Taken together with these 2 studies, conversion during laparoscopic major liver resection may have been performed under emergency conditions due to uncontrolled major bleeding. However, the unplanned conversion group did not show any difference in disease-free and overall survival compared to the planned surgery group in our study. This result might be caused by the small number of patients in the unplanned conversion group, but more importantly, the different situations and timing of conversion may have rendered our results different from those of previous studies. Even though the main cause of conversion was bleeding like previous studies, open conversion was not performed urgently with unstable vital signs in our patients. When bleeding occurred during MILR, all attempts were applied to control bleeding temporarily. Considering operative time and difficulty in proceeding with the operation, an early decision was made for an open procedure in our study. Costi et al. \[[@B19]\] also demonstrated that not delaying conversion may reduce blood loss and operative time. Nonemergency conditions and early decision for open conversion may have made similar long-term outcomes between the unplanned conversion and planned surgery groups in our study.

Many studies have been conducted assessing the risk factors of such unplanned conversion. Troisi et al. \[[@B7]\] presented tumor location (posterosuperior segments: I, IVa, VI, and VII) and major hepatectomy as predictors of conversion, and Cauchy et al. \[[@B11]\] considered high BMI and large tumor size (\>10 cm; P = 0.014) as risk factors. Of the recent papers, Stiles et al. \[[@B6]\] and Vigano et al. \[[@B10]\] analyzed major hepatectomy with predictor of conversion, and Silva et al. \[[@B9]\] found that those with hypertension and those who underwent right hepatectomy had a higher risk of conversion. Previous studies demonstrated that operative difficulty is the most common risk factor for conversion. In this study, tumor size, right-sided sectionectomy and central bisectionectomy were identified as risk factors for unplanned conversion. As the tumor size increases, the more major liver resection is required. Right-sided sectionectomy and central bisectionectomy needs 2 different transection planes and the largest transection area possible, which inevitably increases the risk for bleeding and sometimes poor exposure in the deep area during MILR \[[@B5]\].

In conclusion, unplanned open conversion during MILR for HCC was associated with poor perioperative outcomes, but did not affect long-term oncologic outcomes in our data. It may be related to the early decision for open conversion. Therefore, open conversion should not be regarded as a failure of MILR. Moreover, findings from this study suggest that when planning right-sided sectionectomy (right anterior and posterior sectionectomy) or central bisectionectomy for a large tumor (more than 5 cm), we should recommend open surgery or MILR with an informed consent for unplanned open conversions.
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###### Comparison of clinicopathologic characteristics and operation type for hepatocellular carcinoma patients
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Values are presented as mean ± standard deviation or number of patients (%).

Right-sided sectionectomy included right anterior sectionectomy and posterior sectionectomy.

MILR, minimally invasive liver resection; NBNC, non-B non-C hepatitis; INR, international normalized ratio; PIVKA-II, protein induced by vitamin K absence or antagonist II; AJCC, American Joint Committee on Cancer.

###### Reasons for conversion from MILR to open laparotomy
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MILR, minimally invasive liver resection.

###### Comparison of perioperative outcomes for hepatocellular carcinoma patients
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Values are presented as mean ± standard deviation or number of patients (%).

MILR, minimally invasive liver resection.

^a)^Clavien-Dindo classification.

###### Detailed postoperative complications
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Values are presented as number of patients (proportion per each group).

In 6 cases, there are more than one complications (first case, ascites and pleural effusion; second case, delirium and pseudomembranous colitis; third case, wound complication and intraabdominal fluid collection; fourth case, ileus and delirium; fifth case, delirium and stroke; sixth case, ascites, wound complication, intraabdominal fluid collection, and pleural effusion).

MILR, minimally invasive liver resection.

###### Risk factors associated with unplanned conversion
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Right-sided sectionectomy included right anterior sectionectomy and posterior sectionectomy.

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer.
